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(54) R-T-B SINTERED PERMANENT MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-T-B sintered type permanent 
magnet of high performance which is suitable for a use requiring high Br and high 
(BH)max. 

SOLUTION: This R-T-B sintered type permanent magnet (R is at least one kind 
of rare earth element containing Y and necessarily contains at least one kind of 
heavy rare earth element selected from among a group composed of Dy, Tb and 
Ho, and T is Fe or Fe and Co) has a composition, where R: 28-33 wt.%, B: 0.5-2 
wt.% and residue is practically composed of T and unavoidable impurities. The R- 
T~B sintered type permanent magnet has a texture containing first R2T14B type 
main phase crystal grains, where the concentration of heavy rare earth element is 
higher than these of crystal grain phase and second R2T1 4B type main phase 
crystal grains, where the concentration of the heavy rare earth element is lower 
than that in the crystal grain phase. 
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0.17%©0, 0.05%©N, R&Q.07%<DCVHb-?fc o 

[0 047 ] 1MB&£&5©9 *f*5SiM&*HSl«5©»T 

& ( Rj Ti , b) w aaiaffrosu) swBfltftfffficctew* 

m*±®7C*CDy)©?lS^i'JSL'/c 0 €•©*£*„ I^T^B 



iftPH 2000-188213 
10 

36«*Sffl&Wffi <fc 9 fit »*—©£ tBS8ft©£ . S^±Mte 
ft CDNOOflM&WSIItt Wffi £ » BW ^ t »*H©^*B«f ft 

ti i *> 6 # § n r t » s e <t #$3* fc. 
[0 048] ibgtfLL 

*6«1 ira*KL--Cffl«»l.?t. C©fflBW>iHfiS (MM 
%) £##Tbfc<bC5, 3E^«Nd: 27.3%, Dy: 2.7 
%, B: 1.0%, Nb: 0.2%. Al : 0.1%, Co: 1.0%, Cu: 

0.1%, SSR: FeT**). 0.13%. N: 0.0 

08%, C: 0.02%"C&o7C„ 

[0 049] 

[St2] 







Nd 


Dy 


B 


Nb 


Al 


Co 


Cu 


Fe 


c 


27.3 


2.7 


1.0 


0.2 


6.1 


1.0 


0.1 





[0050] z<Ditmzm^-cmmm 1 tmmic vx$k 

AHA. M£R&JIM&a*ffi>. f>^iMSKJ:*Jt«W 20 
©J»«sa*AfiB6E*f»3t. C©S«ffl*aJfcE©fflJS 

(Sfi%) ^tlTl/ciC^- Nd: 27.3%, 

Dy: 2.7%, B: 1.0%, Nb: 0.2%, AT: 0.1%, Co: 1.0 
%, Cu: 0.1%, m$H: FeVfoK>> 0: 0.15 

%, N: 0.04%, C: 0.06%"CSofc o 
[0 05 1 ] 2crCKfel»raSl#tt*W£L>;talS**EI 
1 (CTnTo IM1 «fc<3, iHc© l/s<MXl9MeWktiKl< > 
!*S s Br«13.3kCKTv (BH)maxy:42.5M(X)ekrF ,, C 
HSfeM 1 ©BrSLC>'CBH)max«:Jt-^-r{g(,iC: <h#5##>-5. 



& JPSDv©»]*^fttfc#WIJ: 5 m>£*If£fttfcfc£Kgl34i 
[0 05 2] HifeM2 

gt3 ©^*Hi***r a^^^DRwai*!^E** 
n^tim^tcsumtmmm 1 ipraKei/rtiswi/fc. 

^D©tftt&94kgi^E©ffl»8 kgi ^\®®^mccJS: 
Al/-OB£U Ifl0kg©ffi^ffl»i0fc. jg^ffi^©ffi 
M^fl/fciC5. **W^r^JiSfl>ttl*l: 22.4 
%, Pr: 8.9%, Dy: 1.2%, B: 1.0%. Al : 0.1%, Ga: 
0.15%, Fe"C*«J. ^sKWttO: 0.14%, N: 0.0 

1%, c: o.oi%-cabofc„ 

[0 0 5 3 ] 

im3] 









Nd 


Pr 


Dy 


B 


Al 


6a 


Fe 


D 


23.2 


9.3 




1.0 


0.1 


0.15 


mm 


E 


8.9 


3.6 


20.0 


1.0 


0.1 


0.15 


mm 



[0054] m-gtmzm.m&&&5ooppm amth) 

e. li^El.5tDn/crf©^ffr«S£El»fiJ9li?Ofc. W6 
*lfcBS?f^^3 xio" 5 Torr©^^*, 1040—1HO°C 40 

©sfiiaffit?^- <? 2 ttRg&ig 0 ?t». sa * -cftts b r 

[0 05 5] &M£{#K^^#*~H»#^900°Cx 
3B#fH£ 550°Cx 1 ^©f^S^S 1 Bfebfcf£, S 
S* ~Cft£|J 0TR-T-B^tfi^XA$5£#fc. 20"Cr 

2 A> 6 . ^^©K?rl050~1100°C £ l> fcHtefefc^JKS 

CC^SSJS*5l070°C©ii'g-tC13 .4kC© Br, 16 . 3kOe©i H 

c, &tf43.2MCOe©CBH)maxJ&*f#6*7., ^fclfegSK^lO 50 



80°C©t§£-«:i3.4kC©Br, 15.1k0e©iHc, R£>*43 . 3MG0e 
© ( BH)maxJ&*f# 6 il , B rRCF CBH) max** ift ^ 0 7C„ 

[0 05 6] fjfB^&J&E©^ fef^Wtt«BNHSa5©« 
a*»KUfeic5, *aW»*T?^s»ttNtl: 22.4 
%, Pr: 8.9%, Dy: 1.2%. B: 1.0%, Al : 0.1%, Ga: 

0.15%, SISJ: Fer&0. ^!N6^!SiO:0.45%, N:0.02 
%, C:0.07%T'£>-3fc„ 

[0057] mnmmmG<D5 fe«aw&«as«5©»f 

WfflM^^©H^M7£imtili<:u-r^slSftia (r,t 

«6ftt&&*. m#iJl7C^CDy)©TSS* 1 8Sftte9WBJ: , 3* 
^^-©RiTuSaiaJSfttfti. «&dJH7cSRCDv0©« 
fij&*iftft!SlfffiJ: 9 fit^— ©R,T l4 B®^ffl#SJfttt£ s 
M#^7C^CDy)©iSS3&s*Sft*4#ffi i«HW O l^J&= 



C7) 



11 

[0 0 5 8 ] i:bgffi!|2 

iC5s •*"H^*T?^J«4Jtt, Nd: 22.4%, Pr: 8.9 * 



#$§2 0 0 0- 1 8 8 2 1 3 
12 

*%, Dy: 1.2%, B: 1.0%, A7 : 0.1%. Ca: 0.15%, g| 
SB: Fe"C&?K ^*6®fttO: 0.14%, N: Q.01%, C: 0.0 
2%t?*->fc a 

[0 0 5 9 ] 

[*4 3 





fflfft (£ 


*%) 


Nd 


Pr 


Dy 


B 


Al 


Ga 


Fe 


F 


22.4 


8.9 


1.2 


1.0 


0.1 


0.15 





[0 0 6 0 ] C©ffi»4ffl«,vcgeSW2 ira«KLT{» * 

£jf£#«Nd: 22.4%. Pr: 8.9%. Dy: 1.2%, B: 1.0 
%, Al: 0.]%, Ga: 0.15%, 3SSI3: FeT'& 5 . ^Wfa 
(SO: 0.43%. N: 0.03%. C: 0.06%-C&o ft:. 

[0 06 1 ] 2o°cr*KM^£ffi'J^L.fcSS£ia2fc:^ 
To B2#»63H6#>£cJ:5fc:, iHc(DU-^;K*Syfe^2 

fCj±^r-¥»^i&t»*^ Brttl2.9kGJSTF v C\ CBH)raaxtt40. 20 

fflffl^tcK, mM±mjm (Dy) ©«a#itsi8*fc#ffi,fc 



[0 06 2] gjflW3 

G©ffl»81.akgi^HfiDffi©18.2k3i ivffliB^* 
A L L . M0kgOa^ffl|& *ff ft: . 

%, Pr: 5.34%, Dy: 
%. Al: 0.10%, Co: 
%. HSU: F«?*l). 

0.02%~e*^>fc o 

[0 0 6 3 ] 
[*5] 



ma&C&8&tt*Hti: 19.14 
6.00%, B: 0.97%, Nb: 0.29 
2.00%, Ga: 0.08%, Cu: 0.10 
^TWBJO: 0.14%, N: 0.0134, C: 







Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


G 


22.29 


6.21 


2.00 


0.97 


0.35 


0.10 


2.00 


0.08 


0.10 




H 


5.03 


1.47 


24.00 


0.97 




0.10 


2.00 


0.08 


0.10 


mm 



[0 0 64] com^mn^m^xmrnm i tmmt l 

ffij&BZft-otc. %h fttcmm*m 5 X10" 1 Torr© 
Jtffi+^ocrcr 1 NFBBJDJSftL-CJKttL/, X^x-mz xi 
0" 5 TorrCj^tp, 106O~U30°C©SSMffiffll^©#fflffi 
T?2NflBI«3Sa» 3jfi*"C»&*Pt,fc. f#6*lfc&«$S#: 
tC^ffil4*fX#ffim*-C900°CX 2 B$|B£ 500-CX 1 B$fB 

&£lO7O~1120"C<fc LftJ§£«:ik4J«5£ UTjf * t/l» 

K 12 . 7kC© Br, 25. 5kOe© i HcRO'38 . SMGOe© (BH)max#S 
fffcft, 1110°CiL)tJi^l2.7l<G©Br. 25.3kOe©iHc 
RZ>' 38 . 6MG0e© (BH) maxft^f 6 frk BrRt>' (BH)max#Sj^#> 
■oft:. 

[0 0 6 5] firia7xA$£E© J 5 ^f^tofcitewssoffl 

S^ofciCo, MaW^f^^!*Nd: 19.14 
%, Pr: 5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29 
%, Al:0.10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10 
%, JSSflFeT?* <0 . ^*EW*0:0.16%, N:0.05%, C:0. 



07%-r^>-3/c o 

30 [0 066] ^*SSSll00°C^O*1110"C©^fF-e^ L 
RttKLT^fBttJMtt ( Ri Tn B) F*J <KK4»'&») &t>* 

*s»hejmbk*j w 5 m&±mtm cdv) ©ifiK&Ms 6 

fc. ^©*S*. %T 14 BB£tBHFAtfcV. m#±^7c*CD 
y)©?«JS*s$fiSSI?tiJ: =3 *t »»— ©^BttMii , fi 
#±!^IR coy)©«ffi!WKra«[IMB <fc 0 fic»»-©^*l 
. aftdJHSSRCDy^lfifi&westtWtB i tat tf 

Softie 

40 [0 06 7] mmz 

WciC^ IMH^^f^K, Nd: 19.14%, Pr: 
5.34%. Dy: 6.00%, B: 0.97%, Nb: 0.29%. Al : 0. 
10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10%, j^g|5: Fe 
-CfoK). ^,$£*Mao: 0.12%. N: 0.0154, C: 0.01S4T* 

[0 0 6 8] 
[316] 



(8) fflffi 2000-188213 



13 14 





tm(%) 


Nd 


Pr 


Dy 


B 


m> 


Al 


Co 


6a 


Cu 


Fe 


I 


19.14 


5.34 


6.00 


0.97 


0.29 


0.10 


2.00 


0.08 


0.10 


mm 



[0 0 6 9 ] C<DUffi%R}^tcWtiZ$8MW 1 * 

H:««©«iBgHj§t^SBES*»fc. C©?&5©fflJ&%#flT 
0?c£C3. SJlW#^r'£j&9*tt> Nd: 19.14%, Pr: 10 
5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29%, AT: 0. 
10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10%. glSP: Fe 
r*t). JWmXO: 0.14%, N: 0.04%, C: 0.06%r 

[0 0 7 0 ] 20'Ct?ffiBE^#14*?M5EL;fcifS*£EI 3 
■TolMI 3 30^H3 J: *> K, iHc<DU-^;l'B25kOelrfa 
<t»l^^ BrKl2.2kG3^T, (BH)maxB: 35 . 7MG0eUTFr 

$fcC©£bfS0«©&* 



aWISJItelWi «fc *) *l»£*ItSIII4«WIf 3 o fco 
[007 1 ] J:h«W4 



n^tim^tc&Lmtmmm 1 &h«k orffltwfcofc. 

•^JCD|a^81.8kqi^KCDffif&18.2kgi £V§9$l-£$§ 
CCiSAOril-^O, 100kg©?g^ffi|S&£ Ofc. m&%$® 
Oi^^^fciC^, llS^S-C^tt. Nd: 
13.14%, Pr: 5.34%, Dy: 6.00%, B:0.97%. Nb: 0.6 
5%, Al: 0.10%, Co: 2.00%. Ca: 0.08%, Cu: 0.10 
%, mffi: Fe-CfoK), T^KO: 0.15%, N: 0.02%, 
C: 0.02%t**-3/c„ 
[0 072] 

r*7] 







Nd 


Pr 


I* 


8 


Kb 


Al 


Co 


6a 


Cu 


Fe 


J 


22.29 


6.21 


2.00 


0.97 


0.80 


0.10 


2.00 


0.08 


0.10 


mm 


K 


5.03 


1.47 


24.00 


0.97 




0.10 


2.00 


0.O8 


0.10 


mm 



[0073] c<mm^m^-tcaxmtmwH 1 twmsc 
uraM»» (¥^S4.iMm> . x^v-imxmn 

3^-c2oo o cr i mmum or jwa o . #c >r#j 2x1 

cr s Torr©^*ri06O~1130"C<DS®l5BF*g©#aS 

■c2isn8*BS«. f#e>tifc»s£#: 

{CTOfttfJ^BSWr 900°C x 2 B# ffl 4 500°C X 1 BfRfl 30 

cu»«m*#iEBisi/fc«. S*s$r#£|ior, 7>> 

Ftt 5c<fc& HstmoSSSSS^KS* f*fc. 20°C tc *» I > 
TSB»l9tt*il^0 fcfiSlfcia 3 tC^VT. H 3 €>(5! 6 
fr&i^fc, SH3gja®^1100 = C©^fC12.1kO©Br, 2 
5.4kOe©iHc&C>'35.1MGOe© CBH)max^#P>tl. %&£SM 
3&5lllO°C ©*g£-iC12 . lkG© Br, 25.2 kOe© i HcMf 35.0MG 
0e©CBH)ma30&Sf#5fl, Br^t>*CBH)max»fS^ o/c 

[0074] c<Ditmm<oimm^E<Dssm^mxofcii 

C6. MI^t?i^tt. Nd:19.14%, Pr: 5.34 

%, Dy: 6.00%, B: 0.97%. Nb: 0.65%. Al: 0.10 »$40 



;*■%. Co:2.00%, Ca: 0.08%. Cu: 0.10%, SSP: Per 
$>K). ^*<fi^J«O:0.17%, N:0.06%, C:0.06%r&-o 
fc. C©Jt^J©^*ge:E©BrRc*CBH)max*5<£<,>© 

tt. Nb^W«^o.65%iiaii©r. £*%Att0«&l&B$ 
[007 5] Hifeff!l4 

4i^nffl^fc«w*^ss^i tmmtcv-cmmtLtc. 
•&#L©ffi.s^9o . okgi ^H©$a*&io . okgi %\Mm&%k 

{CjSAOri&nO, 100kq©ig^fi*&iL.fc o Sgffift 



©ffifiS^ftrLfcic-5, asn^r^Jc^tt, Nd: 

22.83%, Pr: 6.37%, Dy: 1.30%, B:1.05%. Mo:0.13 
%, Al:0.10%, SSUFar-*.l3. ^*E^ttO:0.15%. N: 
0.01%, C:0.02%T**o7h<, 

[0 0 7 6 ] 

»8] 





*ase (11%) 


Nd 


Pr 


Dy 


B 


Mo 


Al 


Fe 


L 


23.85 


6.65 




1.05 


0.15 


0.10 


mm 


H 


13.68 


3.82 


13.00 


1.05 




0.10 


mm 



[0077] cvm&imzm^tc&Lmtmmm 1 
miz or, mm imm&A.oti m > . * ^ y -<b& 

orr©x^*r 200'CT- 1 mmm or ma o . 3 i amis 

^2xio- 5 Torr©*^tfriJ05O--1100*C©g^ieHF*3 



©«iaflf -c 2 m&m&®MU£ r ?§ip ore, f# 6 tt&s 

^ffctC^tS&tfX^ffl^Wr 900"C X 2 4 550°C X 

i at raojuasa** i @is ofcM. r^a or r- 

foSS. ^^a^l060-l090-C©H^tC 7 1<A^Si O 



15 



©^■o-(C13 .9kG©Br. 15 . 5kOe©iHcRO'46 . 5MG0e© (BH) 
maxfi^btl. ^$gf&jE# s 1080'C©t§-£'{C14.0kG©8r\ 1 
5.3kOe(Di»cBl.U^47 .2MG0e© (BH)max^f#P,tl, Br^C^CB 
H)max#SS?#>-?7c,, 

[0 07 8] WBB*#J6BE©$ %«SSW&*X»5©*a 

2.83%. Pr: 6.37%, Dy: 1.30%. B: 1.05%. Mo: 0.1 
3%, AT: 0.10%, Fe~€3b K) . ^jjsfclHSO: 0.18 

%, N: 0.06%, C: 0.08%T?&-?jfc,, 
[0 0 7 9 ] mffiU&W70V, lOWCfiE^feft-CffiULfc 

Ste Lr*ffl*g«K (r,t 14 b) a (ia«4i-i>as) 
MUHBtcfett 3*#±^7«(Dy)©?&8£ffl'J;£ L> fco 
^•©3£S, «iT 14 Bffi[^*BISSBb6s. fi#±»7aftCDyO© 



C9) ^200 0- 1 88 2 1 3 

16 

fee 

[0 08 0] g|%CT5 

Wtiffl^fcfiHWWW 1 £ Mice l/r«H8» Ofc. 
^N©ffi»80. 0kfl££&0©ffl»20. Okgi *v8HB£tt 

10 fiRJfe^tffl/fciC*. Nd: 26.2 

%, Dy: 5.8%, B: 0.95%, Nb: 0.20%, AT: 0.1%. C 
o: 2.5%. Ou: 0.15%, Ga: 0.15%, gtgfl: FeT^O. 
JMWlteO: 0.15%. N: 0.02%. C: 0. 02%^?* r> fc„ 
[0 08 1 ] 
[H9] 





m& (i 




Nd 


By 


B 


Nb 


Al 


Co 


Cu 


Ga 


Fe 


N 


29.0 


3.0 


0.95 




0.10 


2.60 


0.15 


0.15 


mm 


O 


15.0 


17.0 


0.95 


1.00 


0.10 


2.50 


0.15 


0.15 


mm 



[0 0 8 2 ] atemeBOHia^soonaiHT * 
tt) (owg&xnmfoftw * 7 m;h&»o, wit 

7F2EE1. 5ton/cm J ©^^-Cfg^BEIS^ # P. 
?F£f*£&l3 xio s Torr©^^ 1 ^. 104O~0100°C©S 

[0 08 3 ] •»6hfcS«9^K^gtt^^»lffl»(| , 'e 
900"C X 3 RSflfl i 480°C X 1 B#ffl©8ft£lffl&& 1 MMbtt 

^S*-C'^SJU-CR-T-B^^M7mi^5 ; &f#^o 2 30 
O'Cr iim#tt£}I'J5£ l/fciC^, $5ij&?gffi*105O-109 
O'Ci Lfc*I£fc*A8fcH£ t^W* L-^a^f$tt^t# 
6tlfc D ^&CM§SK#*1070'C©H#iC12.5k©DBr, 24.5 
kOe©iHcRO*37.5MCOe©CBH)max* 3 f#64l. iSfiS^l 
080°C©B#i£:i2 . 5kC©Br, 24 .2kOe©i HcRO*37. 4MQOe© 
CBH)max*^#6tl. Br&O'CBH^ax^iS^ ^y- Co |ijfa 7 ^ 
^5€r^«fL7ciC^. aMW^-CSS^tt. Nd: 2 
6.2%. Dy: 5.8%, B: 0.95%, Nb: 0.20%. Al : 0.1 
%, Co: 2.5%. Cu: 0.15%, Ga: 0.15%, }*g|3: FeT 

^MffiiXO: 0.38%, N: 0.03%, C: 0.05%t:*& 40 



[0084] «6BsajK3&sio7ffc. io8o"c©Buia^Mas 

t„ B®^tBfSa*fc». M#±SwSCDy)©rS«**lliz 
jffiJ:Q*l»*-®£IBBMfc£. S*±SeBftCD*0© 
ttftttttMBMI J: 0 fii>*^:©±fflefif4 £ . S#± 

[0085] »6 

KSAt^til^L, iookq©igt%©|ft£0/c 0 

:H«*"C^Ji8»B 4 Nd: 
0.18 



©,«&#WLrc£C6. 

20.6%, Pr: 8.8%. Dy: 2.6%, B: 1.06%, W: 
%, Al: 0.05%, Ga: 0.17%, ^M: Fe^SbKl. 
itO: 0.15%, N: 0.01%, C: 0.01%"C^ofc 0 

[0 08 6] 

[»10J 





*fii* (S 


M%) 


Nd 


Pr 


By 


B 


H 


Al 


Ga 


Fe 


p 


21.70 


9.30 


1.00 


1.06 


0.20 


0.05 


0. 17 


mm 


Q 


10.50 


4.50 


17.00 


1.06 




0.05 


0. 17 


mm 



[0 08 7] ffldffl»*BB3R»BEjW500ppBd!aT (ffcS fimZ&)3 XlO" s Torr©3t£i*>-C, 104O-1100-C©fi 

^JEl.Ston/crtfW^T'lg^Jiffi^Ofc. ff^nfc^ 50 900°CX 3 ff#ffl£ 550°Cx 1 ^©^ffl*^- 1 SttL/fc 



17 



"C-r«a«tt*iB!D£Lft:i C5. 'J£*£i&g£i050~i090 

ftfc. #{C^!&Jg^l070 o CCDi*tCl3.2kG®Br, 19.5 
kDe©iHc^D : 41.8MG0e©Cm)max*if»6n> S^SS^l 
080 o C©£ S&C13.2kG©Br\ 19.3k0e©iHcRc>'41.7M:0e 
© (BH)maxJtPl# 6 Br&c>* (EH)max#S[S;fc o fc. 
[0 08 9] W!&9c#J85©5 ^f&W&*#J85©«. 
^fflfciC?,. ItlftfrHel: 20.6%, Pr: 8. 
8%. Dy: 2.6%, B: 1.06%, W: 0.18%, AT: 0.05%, 
Ga:0.17%, m%$: FeVfoK). >F*BBf3:0: 0.50%, N: 
0.02%, C: 0.06%-C*-p7C„ 

[0 0 9 0 ] Mi&U&WO'Cmf-MSO'CCDmft-CftUL 

inttKLr^isatat (r^b) « (s^^sp) 

7C ^©iB*v R.T^BSifflSSS^, *#±8i7Ctt(D* 



CIO) 4#H3 2000-188213 

18 

Mil** £ . S#±Jffi7ts8 CDvDOiiKsWKiatftlWI £ S Bf 
u i »S»= ©*fflS ftte 4 6fltfi£3 *it ^ £ C £ 

[0091] mmM7 

IWffl»90.0kfl£^S©ffl*&l0. okcj£ *^fi^«Klft 
10 ALTS^U 100kq©S-^tM&iL-7c. ig-£fflt&©Hfi 
SS^lfciCTo, fifiH^*-C^^tt, Nd: 21.3 
8%, Pr: 7.12%. Dy: 1.50%, B: 1.03%, Al : 0.08 
%. Co: 2.00%, Ga: 0.08%, Cu: 0.1%, JS§P: FeT" 
&5), 0: 0.14%. N: 0.02%, C: 0.02%-e*&-ofc„ 
[0 0 9 2] 

[in] 









Nd 


Pr 


Dy 


B 


Al 


Co 


Ga 


Cu 


Fe 




22.50 


7.50 




1.03 


O.OS 


2.00 


0.08 


0.10 




s 


11.25 


3.75 


15.00 


1.03 


0.08 


2.00 


0.08 


0.10 





[0 09 3] »^fi©*MSH*JS«siJOppdWT <tt« 

S4.2/Lim©«&*&£l/fc. »&ftfc(^*3SJW.X»H 

Si WiffeS : ffi^x-^-vOupA-so) 43CcHUlXOfc. 

-£ffi^Sl0k0e. J^JEl.Oton/crrf 
•CEMf&fcbtt. mtbtltclffi&fcZffiSXlcr 1 Torn© 

^cpt?2oo'C-ci^FM*nl»or»ittL., 7^3x10- 5 to 30 

rr©^4»-C ! 1040~1100°C©aS«5Hrt© ; &MKt?2 

[0 094] •S-MS^iC^S'ffi^X#Ha*''C900°CX 
2 ^f^i 480°CX 1 B$|ffl©&flDffl&§ 1 Sffi UdJL 0 

u&^ftwuxR-T-Bmm&mjkim&*ftmLtc c 20 

XT'MM^tt^S.'JS L-fc £ C 6 , $S$SS)S#1060~-1090 

fc„ 4ftC^SSS^*SlO70"C©i»^{Cl3.9kG©Br, 15k0e 
©iHc&D f 46.5MC0e©CBH)ma>£di#6n, 

°C©t&^-fC14.0kG©Br, 14.8kOe©iHc&c>'47.2MGOe©(B 40 
H)max**f# 6 ft . BrSO* C BH)max*S|Sj6o -o . 

[0095] fffiem&mEvs %««flWc«iBBtE*# 

WUciC?,, »tW»* , C^S»tt. Nd: 21.38%, P 
r: 7.12%, Dy: 1.50%, B: 1.03%, Al : 0.08%, Co: 
2.00%, Ca: 0.08%, Cu: 0.1S6, MSB: Fe"Cfef3, ^ 
$S#»iO: 0.16%, N: 0.06%, C: 0.06%-C*rj7c o 

[0096] ffisamswiEos *>{ j mff)%:mmmGQ>m 

MWffife* EFfcW (Electron Probe Micro-Analyzer; JEO 

iM, M5SJXA-8800) ^SUT. TfB©^#F^ffL. 

tc, 50 



JUjISJBE: I5kv, 
S345RiD«a: »4 xio-'A, 

l#«j&^fc0©XKKD (fHRJ$l9) : lOmse 

c. 

#*T&R: K (X) ^|StRCF« (Y) #[*)#£ 400 
A. 

X&t>*Y#ft ©&##r;#,©fHS : 0 .12 u m s 
ffi^ff©^ 'J T : o .12 jit m x 400*= 48m m©}§ff£$S 
HL 

[0 09 7] ±IE^^rt*-A^/jNX#^ rKROM 
9ft-&C Dy, NdRt?Pr©J»ffi#*fr*WJ£L 

fc„ Dy, l^^PrC^WtCffllifc^J^BSSiffiilRe^A 
-p-fbU^A (LiF) -C*^/c„ 3HB»W©R-T-B*jS8tt 

^A«^©*£SH»*ia 4 scTOiRfc^-r „ nsAffijs 
me© 3 sj£2 ■ ia*(,»«irm^-. sfci4 ©*£jm&!® 
6ca)iC7Sb. prommftin&me (b)cc^-r, us, h 

6Ca),Cb)*>'=>W6*'?iJ;^tC, S^tfel^ffi-cttNd D 
y, Pr©»Wi^HWK3fi^i'CBM)l&hfc*s. Ctltt 
3fi*©*tCNd, Dy, Pr#*#lfrLTl>£t>W-£1i&< . 
3S.^^-CWS H B H ^^a^^K^^©-C, Nd, Dy, 
Pr© ^M^^tc ^ I X' & Z> . 
[0 09 8] 14Kfc^t, gHlil?ffl(03t^4IfiS 
L,r^-5>©ttR (Nd, Dy, Pr) U 4. 06(a) 

St>* (b)5*> 6 NdS.O' Prttia ^|SJ&gK#aT 4 C £ #^ 
*>5. $fc05 ( 06 (a),Cb)&>>=>. DyiSNdSO'Pri^ 
(SIS] t^MUUMB©WH(c fit 4*. *SS«MW» 6 



OX) ^2 0 0 0- 1 8 8 2 1 3 

IS 20 

[0099] ztii?<DW3gmgkfr!z>, te^ms*-*^ mm^Pit&m^. ^tm&tmd,* uxs, ^ 

w*^rt©+^«cs^DvrHS^scMb. ammo tc) i/2 tmmutc wmo^m (%) mmvtc 

£ - >t?K, ite^^taj: 9 £f SfiH&rt ©;&S|3©#as tc* £3£*B$SII¥3©«t,, ©it$ C <T M /T) x 100% J 

mm< ^«ft*ttrt©Efip©Dvaffif3ws(,». »=©-* c o i o i ] m i 5 

# - >r tsattiMB** e^msasotp^Kss 2 m m*p©sBje,r B m©^^^ 0 %-c 

Dv«ffi»*3WK«*&— t?**. 05(cfc^r, fftSM&jt 10 *0, *»-3ifiMm«±©^«JSfitt©^l5*6S5.8«r 

fflcfcf)^l^e^©S^!5©^35W^5!> s l«f^m-©^ *o/c 3 6CC*ftStL3lfciB*. n&2 Mm*i©ifflg 

fBtiBttH: 6 ffl-C* <Q . tiiA&fftl «fc 0 Dy«a&&H®r»* Hti©#fc*# 5 %*S|-C^oi6M m £Ui©£ffitSAK 

— ©£*B*gBtiBi5fBr* 0 . &nfl&£HH 4 1»3^ L, t> ©^^^lO%J^T^C*ti«7XXeH 4 b rSTS L/C>» 

DW«S*WT^^H©=efflfS^jittl9fflr'*ofc 0 fcfc «||^*SIWrSSC4**fl#>-afc. 3 6CC*4S2ym 

H5, 06 Ca),Cb)(C*J(,^TDy, NdScO* Pr©?gffi#fl?£ 5feSI©^B^S©^fl?^3 %J£(T-C^oi6M mW± 

ma-*- sirsc. m&mfflgmm*<Dftimizmf&2titc (D&mmmxDftmm&s xktt* £©# j: o *?* u 

os)ttwasffl«©--Wic-r*r, o&UMu&Bi&s&r i6^mJK±©^B!f&^*SE©^^6%«T-e*s©3&s 

C©£5K##SIJH©R-T-l£MS 20 WjgS^*6*0.01~0.6J<©*i6T?t>|^'BiIffi'C**. 

£b*ABBE«. ^ISaifi^iMSIHaiMBtcte^TWa [0102] ^fW5 

WftDy«M6fl***T*. ^©£fiS^^JS*Wt-*jlSW^jfeT*ffl«r»ft:K^ttlt 

[0100] MBjk^tte© 5 UXmMK h ©©iffllS J6W 7 4 laliSic l,t»^lfc 0 «»©«Ji3f6»*f Ofc 

»S©li[S»**BI7tC^-r,ia7©»*tii#B#Si&|4 iC5, 111^^^. Nd: 21.38%, Pr: 7.1 

©fi@$Sffl£^U {ajfct* rg~i0MmJ «£EW§iifjiE 2%, Dy: 1.50%, B: 1.03%, Nb: 0.7C%. Al : 0.08 

©if&SfSB* 5 T 9 iimJW±l0Mm7fepJ -C*-5Ci*3i %, Co: 2.00%, Ga: 0.08%, Cu: 0.1%, W$f: Fe"C 

«ts s £4n&£tt©t&&& yt*mmm <M3Sufx-i *q, ^mnao: 0.15%. n: 0.01%. c= 0.02%-c* 

ffl©^» <fi&*iooo»> *tmb. C©$r®2PX£-7'5 [0103] 

* h P>tfc®«©iffl^aiay^ r (rmage Pro. Plus (DOS* 30 [$12] 





man%) 


Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


T 


21.38 


7.1Z 


1.50 


1.03 


0.70 


0,08 


2.00 


0.08 


0.10 


mm 



[0 10 4] C©ffl»*ffl<,»r3OfcW7£ra«tC0T 4 

WbfciC^ HS»$t?i^it Nd: 21.38%, P 
r:7.12%, Dy: 1.50%, B: 1.03%, Nb: 0.70%, Al : 
0.08%, Co: 2.00%, Ga: 0.08%. Cu: 0.1%, 3^g]5: F 
eV$>K>> ttftftHtO: 0.17%, N:0.05%, C: 0.07%T 
* -p ?c„ 

[0105] 20'CtC4jl»Tem#14 ; &S!j^L,/c^. iH 
cOU-^^ttiekO^Tf^i^l^S, Brttl3.5kGWT, (BH) 
max44.0MGOeKTT* ! 3. HjSM 7 tCJt"<T4g#> o 5to 

[0106] @8 !*C©^i^S©WMffia^WWtC 
tt*ffl»l»©3B»|f-f F*wU -e©flfi©##« 
K4iPG-c-*^ 0 H8J:f3, MmP^ill8f H 



DyflM&WW< ^*Blta!Hrt©ta«(*»^W©Dv«K3DHSi#> 

mi 4 mm d DvJgs^^-r «^aisjuia 3ifi-c 

[0107] C©lt«8«©*atffl»E©*tB»a&S^ 
^^»J 7 4 |sj«ic L rl¥ffi L- /cM^^EI 9 CCtST . E 
0*6H6J&*a<t5«c. C©JKiBl«E'CB:|SSl (im6l 
12(J m*JS©*fB«Sal£©^^l2 . 5%T'* t) , ^ 
o@ 7 ©^KJt^r^WK/|vaffiflBK*tBlfilM4ffi 

3&5{gt^4fijBfsn-i> D 

[0108] JU£SBttlW"Ct3ai*idSl7C*38aDv©*&* 
50 &mVtc*K 7bXBHo©W^fe, Dv©«^4BBfPI« 



21 



[0109] _kiBAIkMTt£. BIDRaWlT^lOC* 

aw * 2 «©r-t-bs$£&»3c. xttpj c r^wi 

Wfrfa*. W^S R-T-B3&&SM7m8£E£S5g&Cf# & C 
[0110] J:l^|WW<l>R-T-a?RjBJSSJ*^(J»5K# 

mommauM (Ni&o^&ev'Xt***^*^^ 

[0111] 

ffiittd&tft£. *#±ss?t^ (cm*) mmm^mE^ 

SiifeK, «t»)att»BrR0 t CBH)nBX*^ra. 



(12) if#M2000-188213 

22 

[E i ] mmm i Rertttaw i ©R-T-KSi^SM*^ 

SJC-^-C. MSSJgifiS«#tt (Br, iHc) £©»# 

fc^-r^? 

[02] 0Ufe09 2 RD J Jt«MW2 ©R-T-B^*£§^;5\?& 
HKOUT, iSflaiffi^tt (Br, iHc) £©&€<& 

[03] ggJfcW 3 Rtfttftgffl 3 , 4 ©fc-T-BJfi*8iSbk 
iWSfcStc-WC. 8&&B&£WtM8l0L (Br, iHc) £© 

[H4] mSim 7 ©R-T-B^^*§M7Tc^,^5©ISHffiS 

[S5] mmm i oR-T-B^j^^dSH^w 

[0 6] *J6W7©R-T-B3R«BH^it^5as©ttafflJ((t 
[07] ISJSW7©it-T-ffiS«SSa*^aBEEtc*JWSi 

[ss] tygw 5 © R-T-mm£MfkXME(Dffigi 1 mM 

[0 9] JttBW 5 ©lt-T-BRttfta*^fl85KteW *^ 

1 - • • Mi,Bffl*ffltt*K 
2 • • • i&ttKJHB 

2' • • - HE* 

3 • • • sK-f F 



[04] 



[05] 



[08] 



C13) 



2000-188213 



nan mzi 




CH3] [07] 




£SttrAS«9«S cum) 



(14) #58 2 0 0 0 - 1 8 8 2 1 3 

[06] 



(a) 



«H 2000-188213 



- 1 8 8 2 1 3 A> 



IffifB] 3ft&15*P7£l 8H (2 0 0 3. 7. 1 8) 

[&BS3HI] #IB2 000-188213 (P2000 
[&P*r1B] ¥fifcl 2^7^40 (2 0 0 0. 7. 4) 
[ipa-*f?&] <&»!($f^R 12-1883 
[tHlffi##] 1 1 -2 9 2 93 2 

H01F 1/08 
C22C 19/00 

38/00 303 
H01F 1/0S3 
[F I ] 

H01F 1/08 B 
C22C 19/00 H 

38/00 303 D 
H01F 1/04 H 

[^fifiES] 

CitttiB] 5^4/3 1 10 (2003. 4. 1 

1) 

[^mffiiE 1 ] 

mimmmmzi mmm 

[li^ll] gSB^^T'R: 28 ~33%, B:0.5~2 

^^■sr-t-b ^mmm^xms (r m &&&&& 

< i*>— a©#±^7C^-C*-pT, Dy. ThRD f Ho*»6* 
S»3&»6««hfciJ>«: < £ fc— «©fi#±3K73R i fc&"r 

T «FeXKFeiCo-Ca&-2>„ ) "e^T, S«iaa# 

±SeEJR©«fflE3WBJMa#tB J: <0 HSC^flf-© R= T a 4 eS£ 

s c £ £#m<t ir s r-t-b ««asffi^»5. 

[s9sJ8@ 2 ] ItScJI 1 KBBKOIW-B $#fc*ga**jB 
SfC*Jt,>TT, *fiE#^C'0.01~0.6 %©f^ (fctcbK 
UNb, Mo, W. V. Ta, Cr, Ti, Zr&.t>*Hfi5:> 6 

£ * tttt £ -T S R-t-b «ffl£ffi*AJtt5. 

3 ] ift$9 1 * &B 2 itififg© R-T-B lfc$£S§ 

md&MBtcte^x* S*H#^T*o.oi~o.3 %©m 

-rs r-t-b mmmyKjmE. 
im^m 4 ] m&m i ~ 3 ©^-rn^KfEtE^R-T-B 



^.T33%^T-CabSC£^#m£-r^R-T-B ^MSHm^ 

[StsfclR 5 ] ff 1 ~ 4 ©U-rn*>tCfB4g©R-T-B 

r, asH^-eo.e xt(T©it5& o.i5%jwt©s£ 

C £ £ f £ R-T-B 

[39*39 6 ] 1 - 4 ©t> -rn3&>fClEtS©R-T-B 

a»w^-eo.25%«T©m^. o.i5%JWT©f£»t o^ 

!5Hfi(T©fiS)i. &£>*0.3 %JKT©Ca^Wr^C£^ 
iff® £ -t £ R-t-b JKSHfiSbk&KE. 
[?ttffiE2] 

[ffluEfcfcf^S^] 0 02 8 

[0028] n*©s«a»o.6 «a%JWTf &&©# 
Jr?£l,<> 08R©&#»io.i5MHKTr**©#*y 

l<. *ji/^">a©^wsko.3 asstftrrc&s©** 
s£. r-t-b **asa*^»e©««4S!£ttiST^-*. 

J: OJff £ Ut^"SJiiW^^©^«£ lt(t K9R#> 
o.25Mfi%OTT'&9. KSfeWo.i53ia««TC*0. 
M^^0.l5Mtt%fe(T-T&.S a ^icjf* Ll^^oJiSW^ 
«»©^W»a. Bt3R«*o.os~o.25a«?6t?*t). 03* 

*J0.01~0.03%T?a?>D, ^^0.02-0.15%T*S>2.. 



-?fi l- 



